Introduction
Melon (Cucumis melo L.) is one of the most important fruiting vegetables that consumed all over the world. Also, fresh-cut melons are a common component of fresh-cut fruit product. Quality retention and shelf-life extension of freshcut products are important for the industry because of their economic impact. Fresh-cut fruits and vegetables with high pH (>4.6) and water activity (aw >0.85) are considered to be highly perishable when they are not subjected to preservative processes delay undesirable biological and biochemical changes (Wiley, 1994) .
Therefore it is important that treatments applied to freshcut fruits help maintain their appearance (i.e. color, integrity, absence of excessive dripping in the package), as this is the first characteristic a consumer perceives as quality of the product. Change in texture, flavor, color and appearance are the limiting factors of minimally processed products quality which have been reported in melon fruits (Portela & Cantwell, 1998; Lamiranka et al., 2003; Ergun et al., 2007) .
The quality of fresh-cut cantaloupe changes rapidly during storage (Lamiranka et al., 2000) . Changes in texture and flavor are the main factors limiting of quality minimally processed cantaloupe melon (Aguayo et al., 2004) . Portela & Cantwell (2001) , had reported that, however, there were no changes aroma, off-odor, and total sugar in minimally processed cantaloupe melon but the texture significantly declined during storage.
Fresh-cut cantaloupe shelf-life may be extended by using modified atmospheres (Cantwell et al., 1996; O'ConnorShaw et al., 1996) , calcium chloride dips alone or in combination with heat treatments (Luna-Guzmán et al., 1999) , calcium lactate treatment (Luna-Guzmán & Barrett, 2000) , and also UV treatment (Lamiranka et al., 2002 (Lamiranka et al., , 2005 Turtoi, 2013) .
Ultraviolet (UV) technology is widely used as an alternative to chemical sterilization and reduction of vegetative organisms in food products. Ultraviolet light also induces biological stres in plants and defense mechanisms of plant tissues with the consequent production of phytoalexin compounds (Mercier, 1997) .
The objective of this study is to determine changes in color, total soluble solids, electrolyte leakage, induced by stres conditions in fresh-cut cantaloupe melon cubes.
Materials and methods

Plant material
Galia melon fruits (Cucumis melo L. reticulata) were obtained from the Kocaeli Wholesale Distribution Center. Melons were screened for uniformity, such as being free from any mechanical damage and diseases and also same stage of maturity.
Sample preparation
Melon fruits were cut into half with a sharp knife, and seeds and placental tissue removed, each half sliced once longitudinally with a sharp knife. Then, the fruit slices were cut into cubes approximately 1.5×1.5×1.5 cm 3 in size. The experiment was established with 3 replications, and for each replicates, six melon cubes (approximately 80-90 g melon cubes for each dishes) were placed in polystyrene foam dishes and wrapped with stretch film.
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Statistical analysis
Statistical analysis performed on data included analysis of variance (ANOVA) and differences among means determined by Duncan's multiple range test with significance defined at p<0.05. The experimental design used for analytical measurements was completely randomized and repeated three times.
Results and discussions
Total Soluble Solids (TSS)
TSS content of fresh-cut melon cubes in control and UC5 decreased during storage, while UC1 and UC3 increased ( Figure 1 ). Also, TSS of samples in UC3 treatment was higher than that of the other treatment groups during storage, and differences among the treatments were significant statistically (p<0.05) at the end of the storage. Supapwanich & Tucker (2011) were found that soluble solids content of fresh-cut Honeydew melon fruit remained constant and was about 10.9
o Brix during storage. But in the present study, in Galia melon cultivar, TSS level of samples appoximately 8.4% at the beginning of storage and decreased during the storage except for UC1 and UC3. Cutting induces degradative changes associated with plant tissue senescence, and a consequently decrease in shelf life of fresh-cut product compared to the unprocessed product. As a part of defence mechanism, plant tissues frequently produced compounds such as phytoalexins, but synthesis of these naturally occuring compounds might be slow (Lamiranka et al., 2002) . Ultraviolet irradiation has thus been extensively used to stimulate biological stres in plants and for determining resistance mechanism of plant tissues (Mercier, 1997) . In this study, total soluble solids content of control group and UC5 decreased, but it has increased in UC1 and UC3 applications. So it might be said that, lower doses of ultraviolet irradiation has encouraged starch-soluble sugar conversion but in higher doses did not effect. Also, different crops give respond to different against to UV-C treatments. For example UV-C radiation (60s and 90s) significantly inhibited the decrease in the firmness, TSS and sugar reduction and the increasing rate of titratable acidity in the fresh-cut pineapples has been found by Pan & Zu (2012) .
Ultraviolet Irratiation (UV-C) treatments
The UV-C radiation device consisted of two banks of three stainless-steel reflectors with unfiltered germicidial emitting lamps (TUV 30 W/T8 Philips, Holland) located 30 cm above the radiation vessel. Prior to use, the lamps were allowed to stabilize by turning them on the least 15 min. Packaged melons were placed on upper surfaces at a distance of 30 cm from the screen. Radiation of the product was carried out in the cold room at 5°C to avoid a temperature increase during treatments. UV-C measurements were taken with radiometer to determine the spectral irradiance of the bare lamp. The integral value of spectral irradiance for the wavelenght range of 250-280 nm was as 7166 mW m -2 . UV-C treatments used were; control (C, non treated), UV-C irradiation for 1 minute (UC1), UV-C irradiation for 3 minutes (UC3), and UV-C treatment for 5 min (UC5).
Storage conditions
After irradiation, fresh-cut melons (six cubes per dishes for each replicate) were stored in a cold room set at 5±1°C temperature and 85-90% RH.
Flesh color
The color attibutes L*a*b* each melon cubes were measured using a chromameter (Model CR 400, Conica-Minolta, Osaka, Japan), equipped with an 8 mm measuring head and a D65 illuminant. The chromameter was calibrated against a white tile. The melon flesh were measured for L* (lightness), a* (green (-) tor ed (+)), b* (blue (-) to yellow (+). Hue angle (h°= tan -1 (b*/a* when a*>0 and b*>0 or h°= 180°+tan -1 (b*/a*) when a*<0 or b*>0) was calculated from a* and b* values.
Electrolyte Leakage (EL)
Electrolyte leakage was measured as fruit discs (5 mm diameter) cut out of the fruit. The discs were washed several times in distilled water and then incubated in distilled water. Conductivity was measured after 2 h of incubation. Total electrolyte conductivity in the discs was measured afted they had been frozen and thawed. Electrolyte leakage was calculated as a percentage of conductivity after they had been frozen and thawed. Electrolyte leakage was calculated as a percentage of conductivity after 2 h of total (Kasım & Kasım, 2008) .
Total soluble solids
Juice extracted from cubes of fresh-cut cantaloupe was used to assay soluble solids content and was evaluated using a hand refractometer at 20°C.
Weight loss
Three replicated per treatment were weighed at the beginnig and the during of storage. The weight loss (%) was calculated in reference to initial weight of the fresh-cut melon cubes. the untreated Galia melon sample (DE = 6.11). So, results of hue angle measurement shown that, color changes of fresh-cut melon cubes decrease by ultraviolet C irradiation.
L* values
Luminosity (L*) of fresh-cut melon cubes decreased in all treatment groups (Figure 3) compared to initial values. L* values of samples in control group was higher than that of UV-C treated samples during the 3rd days of storage. Also the differences between control group and UV-C treated samples was found statistically significant (p<0.05). The decrease in L* values indicates that color of samples changed from green to light green-yellow-orange. Because in CIE Lab system; reduction of L* values shows that color of samples is darkening; while increasing L* values represent decolorization of samples. Previous studies it was found that, increasing lightness (L*) value of samples during storage shows that browning reaction did not occured in minimally processed cantaloupe melons during storage (Lamiranka et al., 2000) . In the present study, L* values of samples in all groups decreased but browning did not take place in any of the treatment groups.
b* values
As shown in Figure 4 , b* values of fresh-cut melon cubes in UC3 treatment was lower (15.03) than UC1 (17.80), UC3 (18.68) and control (20.70), respectively. Also differences between UC3 treatment and other groups was found statistically significant (p<0.05) at the day of 3 rd . At the begining of storage, fresh-cut Galia melon cubes which has green color, later the green color is started change from green to light green-yellow-orange in control group. But color of UV-C treated samples did not change and remained green, and this is supported by results of b*values. Therefore it might be said that color changes in fresh-cut melon cubes is delayed by UV-C treatments.
Electrolyte Leakage (EL)
EL level of samples in all groups increased during storage ( Figure 5 ). But the increase rate of EL is high in UV-C treated samples especially UC3 than control group, and differences between UC3 and than other treatment were significant
Hue angles
Hue angles values of samples treated with different doses of ultraviolet irradiation were given in Figure 2 . As shown in Figure 2 , hue angle values of control group were decreased during storage. But, hue values of samples in UC3 and UC5 treatments increased first 2 days of storage, and then decreased. Hue values of UC1 treatment, however, showed irregular change.
Hue angle values of samples in control group were found 97.51 and followed by UC1 (99.30), UC2 (101.21) and UC5 (103.66) at respectively, and also differences between UC3 or UC5 and UC1 or control were significant statistically at the days of 3 rd .
Hue angles values of samples in UC1 treatment were found the lowest, and differences between UC1 and the other treatments were statistically significant (p<0.05) at the end of the storage. Color is important component of visual appearance (Clydesdale, 1991) , and hue angle value shows true color of samples. Hue angle values of samples in control group decreased during storage compared to UV-C treated samples. Therefore it is showed that color of samples in control group started to change from green to light green-yellow-orange. So, it suggests that the UV-C treatments slowed degradation of chlorophyll especially higher doses. These findings are compatible with the results found by Chisari et al. (2011) , that the lowest perceptible color variation, expressed as DE*, was in the samples exposed to 120 s radiation (DE = 8.58) , while the highest value was noticed in Since fresh-cut products lose their integrity after peeling, cutting, slicing and shredding, they tends to be more vulnerable to water losses. Also peel or skin, is a very important barrier to loss of turgor and against desiccation (Garcia & Barrett, 2002) . Water losses of 3 and 5% in spinach and apple, respectively makes these products unmarketable (Sams, 1999) . In the present study it found that water loss of fresh-cut melon cubes was low and it did not exceed neither 3 nor 5%, therefore salable qualities of samples did not decreased.
Conclusions
In this study, the effect of ultraviolet irradiation (UV-C) treatments on the quality of fresh-cut cantaloupe melon was investigated. UV-C treatments have been effective on the retention of color of samples. Similarly, the levels of total soluble solids of samples treated with UV-C especially UC3 doses. But UV-C applications on tissue of fresh-cut melon is harmful effect. Hence, it is suggested that UV-C treatments of fresh-cut melons are effective to improved total soluble solids and color characteristics.
statistically (p<0.05) at the day of 6. In earlier studies by Supapwanich & Tucker (2011) , similar result was also found. UV treatments, especially higher doses has harmful effect on plant tissues. In this study, EL values of samples treated with UV-C found to be high compared to control. Therefore it might be said that UV-C applications on tissue of fresh-cut melon is harmful effect. Ergun et al. (2007) reported that the loss of firmness in fresh-cut Galia melon associated with an increase in electrolyte leakage. In this study it was found an increase of total soluble solids content of UV-C treated samples compared to control group. So, ripening of fresh-cut melon was increased by UV-C treatment. Also, firmness value of samples treated with UV-C was low compared to control (data not shown). Therefore, our results agreed with Ergun et al. (2007) .
Weight loss
Weight loss of samples in all group increased during storage ( Figure 6 ). Also, the increase was low in UC5 group compared to other treatments. But differences among the treatments had no significant statistically. 
